This study presented a three-pressure-sensor (3PS) system for monitoring ankle 5 supination torque during sport motions. Five male subjects wore a pair of cloth sport 6 shoes and performed ten trials of walking, running, cutting, vertical jump-landing and 7 stepping-down motions in a random sequence. A pair of pressure insoles (Novel Pedar 8 model W, Germany) was inserted in the shoes for the measurement of plantar pressure 9 at 100 Hz. The ankle joint torque was calculated by a standard lower extremity 10 inverse dynamic calculation procedure with the data obtained by a motion capture 11 system (VICON, UK) and a force plate (AMTI, USA), and was presented in a 12 supination/pronation plane with an oblique axis of rotation at the ankle joint. Stepwise 13 linear regression analysis suggested that pressure data at three locations beneath the 14 foot were essential for reconstructing the ankle supination torque. Another group of 15 five male subjects participated in a validation test with the same procedure, but with 16 the pressure insoles replaced by the 3PS system. Estimated ankle supination torque 17 was calculated from the equation developed by the regression analysis. Results 18 suggested that the correlation between the standard and estimated data was high (R = 19 0.938). The overall root mean square error was 6.91Nm, which was about 6% of the 20 peak values recorded in the five sport motions (113Nm). With the good estimation 21 accuracy, tiny size and inexpensive cost, the 3PS system is readily available to be 22 implanted in sport shoe for the estimation and monitoring of ankle supination torque 23 during dynamic sport motions. 24 25
Introduction 28
Ankle sprain is a common sport injury (Fong et al., 2007a) which may lead to ankle 29 instability (Yeung et al, 1994) . In a recent world consensus conference on ankle 30 instability in September 2004, over twenty world renowned orthopaedic specialists 31 concluded that there was still no general consensus to treat ankle instability (Chan and 32 Karlsson, 2005) . The experts added that instead of paying tremendous effort in 33 treating ankle instability, the prevention of ankle sprain injury would be the 34 appropriate research direction in solving the problem. 35 36 Different prophylactic approaches were employed to prevent ankle sprain injury, 37 however, the prevalence is currently still significant. A recent epidemiology study 38
showed that ankle sprain injury is still a common sport-related trauma, accounting for 39 12% of all attendance in an accident and emergency department (Fong et al, in press) . 40
This suggested a room for alternative measures for preventing ankle sprain injury in 41 sports. Recently, there is an innovative attempt to design an intelligent "sprain-free 42 sport shoe" for the purpose (Chan, 2006) . The shoe first senses the ankle supination 43 torque, then identifies if there is a significant injury risk, and finally initiated 44 corrective action to protect the ankle joint. This study presented a 45 three-pressure-sensor (3PS) system which serves the purpose to monitor the ankle 46 supination torque during sport motions. 47
48
Method 49
Development test 50
Five right-legged male subjects (age = 23.0 ± 3.0 yr, height = 1.72 ± 0.03 m, body 51 mass = 65.1 ± 9.7 kg, foot length = 255-260 mm) wore a pair of cloth sport shoes4 (Fong et al., 2007b) and performed ten trials of walking, running, 45-degree cutting, 53 vertical jump-landing and stepping-down (from a block) motions in a random 54 sequence in a biomechanics laboratory. The university ethics committee approved the 55 study. Twelve reflective markers were attached at the hallux, distal first metatarsal, 56 distal fifth metatarsal, proximal first metatarsal, proximal fifth metatarsal, navicular, 57 medial calcaneus, lateral calcaneus, heel, lateral malleolus, tibial tubercle, and lateral 58 femoral epicondyle, either on the skin or shoe surface. The essential anthropometric 59 data was measured by an anthropometer for the ankle joint torque calculations 60 (Vaughan et al., 1992) . A pair of pressure insoles (Novel Pedar model W, Germany) 61 was used for measuring the plantar pressure at 99 positions covering the whole plantar 62 area at 100 Hz. Each subject performed the motion and stepped with their right foot 63 on a force plate (Advanced Mechanical Technology Inc., USA), which sampled the 64 data at 1000 Hz. 65
66
The collected data were trimmed from the moment of take off before the foot strike on 67 the force plate, until the next take off from the force plate. For jump-landing and 68 stepping-down motions, the data was trimmed until one second after the foot strike as 69 there was no another take off. The force plate data were re-sampled to every 0.01s to 70 match the frequency of the pressure data. The ankle joint torque was calculated by a 71 standard lower extremity inverse dynamic calculation procedure (Vaughan et indicated by a small RMS error (3.177Nm to 5.758Nm). In this study, although the 145 accuracy is slightly inferior, the new method involves only three individual pressure 146 sensors and does not rely on motion capture system, and is readily available to be 147 implanted in a sport shoe for real-time ankle supination torque measurement. 148
149
In this study, two groups of similar subjects were recruited to limit the variability of 150 the nature of subject, in order to test the feasibility of the presented method. Future 151 studies are necessary to generalize the method to other subject groups, or to establishdifferent methods for different subject groups. Besides, even within a homogeneous 153 group of subject, the supination-pronation axis may still vary among each individual 154 (Lundberg et al, 1989 ). This has to be considered in real application of the presented 155 method. Another limitation is the lack of a spraining motion being tested. Including a 156 spraining motion in laboratory would be unethical and also practically impossible. To 157 cope with this, we intended to select five representative motions in most sports, 158 especially in cutting and jump-landing motions which most commonly involve ankle 159 sprain injury. Yet we may not be able to estimate the ankle supination torque during a 160 real sprain, we could monitor the magnitude and check if it is approaching to injury. 161 Thank you for your submission to the Journal of Biomechanics. After considering the enclosed reviews from our referees, I regret to inform you that our referee panel recommends against publication of your manuscript in its current form, although a revised manuscript may be resubmitted and considered after further review. Although it is obvious your manuscript represents considerable work, and the referees and I believe it to be relevant to the Journal, the referees raised several major issues that would need to be addressed prior to publication. In general, the referees were enthusiastic about the potential of your study, but raised several major concerns. Their comments are attached for your information.
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Reviewer #1: Summary
The manuscript presents a new method for measuring ankle supination torque during sport activities using the 3PS. Two studies are presented: a development study, during which plantar pressures and ankle joint torques were sampled in five subjects using pressure insole and optoelectronic tracking + forceplate during several sports motions, and a validation study, during which the same experimentation was repeated in another group of five subjects, replacing the insole by the 3PS. The results show a good correlation and acceptable rmse between estimated and inverse dynamics data.
The work is interesting and innovative. However, several aspects would benefit from modification /more detailed description or discussion.
Specific comments
The reviewer regrets the absence of page numbering (requested in the guide for authors). >>> Page and line numbers are added accordingly.
The methodology section could provide more details about the 3PS. For instance, some technical specifications regarding the sensors are found much later in the discussion. >>> The size and price of the sensors are moved to the methods (Page 6, Line 105-107).
The reviewer does not understand the link between the systematic review paper by Fong et al (2007) and the cloth sport shoes. >>> The reference of the cloth sport shoe was incorrect. The correct one was missed. It was included in the revised manuscript.
The authors reference the review by Hertel (2002) to define the orientation of the axis of pronation-supination. The angles to the horizontal and sagittal plane mentioned here are those reported in by Inman (). In this respect, it seems useful to discuss (a) the way the perpendicular axes of the foot were determined in the present study, and (b) the issue of the individual variability of this axis (for instance Lundberg (1989) showed that the medial deviation of the axis averaged 18°, but with a standard deviation of over 16°), and its implication on the validity of their study.
>>> (a)
The perpendicular orthogonal axes were determined with Vaughan et al's method (1992). The inversion/eversion axis was first defined as the vector from the virtual ankle coordinate to the toe tip. Secondary, by crossing the inversion/eversion axis of the foot segment to the medial-lateral axis of the shank segment, the internal/external rotation axis at the ankle joint was obtained. Finally, by crossing the internal/external rotation axis to the inversion/eversion axis, the plantarflexion/dorsiflexion axis at the ankle joint was obtained. We believe that the readers could refer to Vaughan's handbook for full reference, and thus we did not attempt to list all the details in the paper. (b) Discussion on the individual variability of the pronation-supination axis is added.
In the discussion, it would be useful to discuss the initial fluctuation/instable period, considering the aim of developing a "sprain-free sport shoe". In this respect, issues regarding reaction time, for instance, should be considered and the feasibility of the approach discussed. >>> The estimated pattern followed the standard supination torque well, as it showed and in-phase fluctuation pattern. Such in-phase pattern indicated that the system could monitor the trend of changes without much delay. Moreover, the peak value of the estimation was about 95-105% of the standard data. All these suggested that the estimation was very good. This is revised in the first paragraph in Discussion: "The estimation could also show the instable period during the first 0.40s after landing in cutting motion, as indicated by an in-phase fluctuating pattern of ankle supination torque. The in-phase estimated pattern indicated that the system could monitor the trend of changes without much delay. For the magnitude of the peak value, the estimated values were about 95-105% in all motions."
Please use "calcaneus" instead of "calcaneous". >>> Corrected accordingly.
The verb "to encounter" means "to meet" and not "to pool or put together". >>> Corrected to "pooled together".
The term "real" is used at several instances in the manuscript to characterise the torque computed using inverse dynamics. This is an estimate, it may of course serve as a gold standard here, but confusion should be avoided. >>> The term "real ankle supination torque" is revised to be "standard ankle supination torque".
In the discussion, the unit (probably seconds) of the instable period is missing. >>> Corrected accordingly.
Reviewer #2:
This study developed a three-pressure-sensor (3PS) system for monitoring ankle supination torque during sport motions. Five male subjects wore a pair of cloth sport shoes and performed ten trials of walking, running, cutting, vertical jump-landing and stepping-down motions in a random sequence. A pair of pressure insoles (Novel Pedar model W, Germany) was inserted in the shoes for the measurement of plantar pressure at 100 Hz. The ankle joint torque was calculated by a standard lower extremity inverse dynamic calculation procedure with the data obtained by a motion capture system (VICON, USA) and a force plate (AMTI, USA), and was presented in a supination/pronation plane with an oblique axis of rotation at the ankle joint. Stepwise linear regression analysis suggested that pressure data at three locations beneath the foot were essential for reconstructing the ankle supination torque. Another group of five male subjects participated in a validation test with the same procedure, but with the pressure insoles replaced by the 3PS system. Estimated ankle supination torque was calculated from the equation developed by the regression analysis. Results suggested that the correlation between the real and estimated data was high (R = 0.938). This is generally a good study but overall has insufficient data for a full paper. I think it is better suited as a technical note and should be shortened. There are few subjects (n=5) and no real question being tested. >>> This paper is trimmed to be a Short Communication with 1500 words.
Other issues:
There is little description of the instrument. >>> As the paper is further trimmed to a Short Communication, we could hardly describe the technical details of the instrument. However, we managed to describe the background principle and the method of calculation, and we are sure that reader could follow the method to fabricate their own similar system.
There are a number of grammatical and stylistic errors that need correction. >>> We have checked again the grammar in the revised manuscript. Table(s) 
Referee suggestion

